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The High Energy Density Matter Program

Jeffrey A. Sheehy
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(661) 275-5762
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HEDM Program Objective

» Hydrocarbons for liquid boosters

« Liquid & solid oxidizers for boost and upper stages
» Monopropellants for upper stages and satellites

+ Cryogenic propellants for upper stages

Breaking the
performance barrier
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Payoffs of HEDM Propellants

Vehicle Baseline Propeliant Takeoff
Type Vehicle Mass (Ib)
Two-stage | Atlas G// |RP-1/LOX 360,000
ELV Centaur |(lsp=295s)//
D-1A LH2/LOX
(Isp = 455 s)
SSTO Rockwell |LH2/LOX 1,900,000
RLV SSTO ((lsp=455s)
Missile Boost- |HTPB/AI/HMX 1,847
Defense Phase |(lsp=270s)
Interceptor| Interceptor

Types of Research Performed
In the HEDM Program

How these components relate to give a coherent HEDM R&D program:

Fundamental

Strategic

Basic

Applied

Prototype propulsion
system for new
propellants




Approach To Developing
HEDM Propellants

Measure
Develop new properties & Optimize
Exploratory synthesis compare with synthesis
experiments methods - predictions methods

Calculate Calculate Modei
stability and possible spectral
performance synthesis * | fingerprints

routes

HEDM Program Resources Summary

Source FY97 FY98 .| FY99 FYO00
Man Years 11.1 105 105 1.5
6.2 Contribution 900 950 1000 1000
AFOSR Core (6.1) 529 464 595 395
AFOSR NWV (6.1) 254 197 275 275
Total AFOSR 783 661 870 670
NASA 200
DARPA 193 491 500
Total funding 1683 2004 2361 21709

@ Anticipated funding level. | [ All monetary values are in $ K.




New Energetic Hydrocarbon Fuels

New Energetic Monopropellants




Payoffs of Energetic Monopropellants

400 -

—1 Microsatellite Propellant Performance

350 1

Velocity Impulse (m/s)
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m Standard Propellants
AFRL Monoprops

Energetic Monopropellant Prospectus

Planned FY99

Accomplished FY99

Planned FY00

Synthesize several new
ingredients for blended
energetic monopropellants

Synthesized several new
hydroxyethylhydrazinium,
nitrocyanamide, and high-
nitrogen heterocycle salts

Continue synthesis of new
ingredients, with new
emphasis on single-
component ionic liquids

Deliver sufficient
quantities of new
ingredients for formulation
and testing

Delivered several potential

"new ingredients to

Propellant Development
group for sensitivity
testing and thruster firings

Continue interaction with
Propellant Development
group to obtain timely
testing of potential new
monopropellants

Synthesize compounds for
an AFRL project to
develop methods of
predicting toxicities of
candidate ingredients

Delivered several
compounds to AFRL/HE
(WPAFB) for toxicity
studies

Complete the synthesis of
prototypical compounds
for this project




Discovery of New
Polynitrogen Compounds

Modeling and simulations directs the experimental program:

¢ Determines which molecules should exist and how energetic they are —
what should we try to make? -
= Calculate stationary points on potential-energy surfaces (minima and
barriers to decomposition and reaction)

e Helps develop methods of synthesizing promising target molecules —
how can we make it?
= Designing a reaction depends largely on the intuition of a clever synthesis
chemist but it can be influenced by quantum-chemical calculations

« Identifies and characterizes new molecules — did the synthesis work?
= Compare measured properties with predictions from modeling and
simulation to determine whether the desired compound was made

Calculations Suggest Which Unknown
Polynitrogens Could Possibly Exist

N(N,);* (D)




Synthesis Route for N;*

¢ Preparing the starting materials:
= NaN; + stearicacid - HNs: (at 80°C)
= Graphite + AsFs —— Cio*AsFs .
=5 2 C1o°AsFs + NaFs —> 2 Cio'AsFs + trans-NoF2
= trans-N2F2 —> cis-NoF2
= cis-N2F2 + MFs —> NzF'MFs (M = As, Sb)

HF
N.F*MFs™ + HNy —> Ns™MFg™ + HF
-78°C

|
|
|
‘ o Combining the starting materials:
|

i
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| N;* Salt in Low-Temperature Raman
L. Spectrometer: Before and After Explosion

The New Polynitrogen Ng*:
The News Travels Far and Wide

| Chemistry in Britain
Exploding onte the scene

# miay v e v yafest com-
- dound 1o work with, but 3
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Polynitrogen Program Plan

o Synthesis of N,F"SbFs~ starting material: NiF3*SbFe™ + N2

+ AsFs + NaF4 + SbFs _—‘['
= Graphite ———» C1o*AsF5 —» trans-NzF2 ———> cis-N2F2 ———> N2F"SbFe”

« Synthesis of Ns"SbFs ", then metathesis to form a neutral polynitrogen:

(x10) meta-
scale up + N3~ thesis Ns"Na~
= NoF*SbFg” + HN3 —> Ns'SbFs~ — Ns'SbFg” ———> ———— 0rN5-Ns

stability tests compatibility

safety tests tests l
characterization
. safety data
A

ake an alternative

polynitrogen anion scale up
Make an alternative N(Na)z", etc. Make N(Naz)z l
polynitrogen cation Bogy
N(Ns)a", X/‘aﬁls’”, ete. e process

tésting «——— production «—— improvement

Cryogenic Solid HEDM Propellants

Vehicle Propellant

Rockwell LH2AL.0X
SSTORLV | (Isp=455s)




Cryogenic Solid HEDM Propellants

Boron
filament
source
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Cryogenic Solid HEDM Program Plan

Planned FY99

Accomplished FY99

Planned FY00

Develop characterization
method for sources of
HEDM dopants

Time-of-flight mass
spectrometer-based
apparatus designed,
constructed and tested

Use the new apparatus to
characterize and optimize
HEDM sources

Design a source high-flux,
robust, pure source of
boron atoms

Several designs
considered; preliminary
testing of boron cannon

Characterize and optimize
the boron cannon;
investigate e-beam and
laser heating of boron

Develop diagnostic for
determining concentration
of arbitrary HEDM
dopants in solid Hz

Method based on induced
infrared activity in
cryogenic solid hydrogen
developed

Continue calibration of this
technigue by trapping
known concentrations of
various species in solid Hz

Develop means to
calculate potential-energy
surfaces for condensed-
phase systems

Theoretical development
of Spectral Theory of
Schrédinger Eigenstates
essentially completed

Begin implementation of
the theory as a
computationally viable
methodology
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A Sound Approach To
A Vital Technology

The HEDM Program: Turning the Dreams
Q&7 of Yesterday into the Reality of Tomorrow

The AFRL group guides AFOSR in
selecting contractors to supplement and
complement the in-house program
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